Abstract: Consumption of alcohol mixed with energy drinks (AmED) has been associated with various alcohol-related consequences among college students. However, more information is required to assess how this relationship is affected by sociodemographic and environmental factors. This paper investigates the association between AmED consumption and negative alcohol-related consequences while (1) stratifying AmED users by sex, (2) examining a range of outcomes specific to the college context (e.g., missing class), and (3) controlling for drinking frequency and amount. We surveyed and analyzed the data of 4592 students in a nationally representative sample of 82 colleges in South Korea. Multiple linear regression analysis was used to identify the association between AmED use and a number of alcohol-related consequences (ranging from a score of 0-12) while adjusting for covariates, including drinking frequency and intake per drinking session. Of our study population, 22.0% of alcohol-consuming men and 13.4% of alcohol-consuming women reported AmED consumption in the past 12 months. AmED users experienced a greater number of alcohol-related consequences (e.g., missing class, engaging in unplanned sexual activity) than non-AmED users (men β: 0.804, p ≤ 0.0001; women β: 0.522, p ≤ 0.0001). Male AmED users consuming alcohol once a month (β: 1.155, p ≤ 0.0001) and female users consuming less than once a month (β: 1.019, p ≤ 0.0001) experienced the greatest number of consequences compared to non-users, as did AmED users consuming 3-4 drinks per drinking session (men β: 1.012, p ≤ 0.0001; women β: 0.993, p ≤ 0.0001). Our findings reveal that both male and female college students who consume AmED experience a greater number of negative alcohol-related consequences than those who do not. Rather than high-risk drinkers, moderate drinkers who consume alcohol infrequently and/or in low amounts may experience more consequences when consumers of AmED.
Introduction
Alcohol consumption among college students contributes to a range of negative alcohol-related consequences. In the United States each year, approximately 1825 deaths (e.g., from homicides, motor-vehicle crashes, and suicides), 97,000 sexual assaults, and 600,000 injuries are alcohol-related [1] . In South Korea, around 10.8% of deaths among college students are attributed to alcohol, while more than 50% of colleges experience alcohol-related problems such as campus vandalism and violence by intoxicated students [2] .
Materials and Methods

Study Population and Data
In the 2017 national statistics published by the Korean Educational Development Institute on college students, 1,951,940 students (four-year courses of study: 1,506,745; two-year courses of study: 445, 195) were enrolled in 356 colleges (four-year courses of study: 195; two-year courses of study: 161) in South Korea [16] . From these colleges, we excluded 23 that had fewer than 500 administered students or were located in the remote island of Jeju. Of the remaining 333 colleges, we randomly selected 85 colleges for our survey analyses. During the recruitment process, three four-year colleges declined to participate in our survey for religious reasons, decreasing the total number of colleges in our investigation to 82 (four-year: 54; two-year: 28) . From these colleges, we stratified a proportionately representative sample of undergraduate students belonging to each province in the country: Seoul/Incheon/Gyeonggi, Gangwon, Daejeon/Chungjeong, Gwangju/Jeolla, Daegu/Gyeongbuk, Busan/Ulsan/ Gyeongnam.
Data were collected via face-to-face surveys with interviewers randomly selecting students passing by each campus's department buildings. Data collectors were instructed to survey around 60 students from each campus-three males and three females from 10 different majors. Teams of collectors were trained for consistency by Gallup and researchers of our investigation. Each question of the questionnaire was required to be administered orally in a face-to-face manner at an enclosed space such as a café or a lecture room.
In total, 5000 students completed our survey instrument. The response rate was 68.7%, with the total number of approached participants being 7278. A financial incentive of 10,000 Korean Won (equivalent to around 9 U.S. dollars) was given to each participant upon completion of the 14-page survey instrument. For the purpose of this investigation, we excluded 211 students who reported never consuming a sip of alcohol in their entire lives, and 197 students who reported not consuming a single drink in the last 12 months.
The survey instrument asked students a number of questions about their drinking behavior, health, and thoughts on campus-alcohol policy. Whenever possible, the instrument included alcohol-related questions that had been previously given in other international, national, or large-scale epidemiological studies, including the Harvard College Alcohol Study, the Korea National Health and Nutrition Examination Survey (KNHANES), and the Korea Youth Risk Behavior Web-Based Survey (KYRBS).
Following the standards of the Korea Centers for Disease Control & Prevention, a standard drink was defined as the amount of alcohol contained in one standard drinking glass of alcohol (approximately 8 grams of pure alcohol), equivalent to: 1 shot of soju, 1 glass of bottled beer, 2/3 of a canned beer, 1/2 glass of draft beer, 1/2 bowl of makgeolli (rice wine), 1/2 glass of wine, 1 glass of whiskey, 1 shot of cheongju (refined rice wine), 1 shot of herbal liquor, 1 shot of fruit wine, or a 3/5 glass of mixed liquor (soju+beer) [17] .
All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by Yonsei University Health System's Institutional Review Board (Y-2017-0084).
Measures
Outcome Variable
The number of health and behavioral consequences experienced from alcohol consumption was selected as the outcome variable. The health and behavioral consequences measured were given in the original format of the Weschler questionnaire that was part of the Harvard College Alcohol Study [16] . The questionnaire consisted of the following 12 alcohol-related problems: (1) have a hangover, (2) do something you regret, (3) miss a class, (4) forget where you were or what you did, (5) get behind in school work, (6) argue with friends, (7) engage in unplanned sexual activity, (8) get hurt or injured, (9) damage property, (10) be sexually assaulted, (11) get into trouble with campus or local police, (12) require medical treatment. Individuals were asked to answer the following question: "In the past 12 months, have you ever experienced the following problems from consuming alcohol?" If respondents answered, "Yes," they were coded as '1'; if they answered "No," they were coded as '0'. Responses to all 12 problems were summed to give a possible score ranging from 0 (experience of none of the problems above) to 12 (experience of all 12 problems). This questionnaire has been employed by studies that assess the negative consequences of alcohol consumption in college students in association with alcohol consumption patterns [7, 17] . Internal consistency, as measured with Cronbach's alpha, was acceptable for the total score of the scale (Cronbach's alpha = 0.75).
Alcohol Mixed with Energy Drinks (AmED)
AmED consumption experience was determined via the following question: "In the past 12 months, have you consumed energy drinks (like Hotsix, Red Bull, etc.) while consuming alcohol?" Respondents who answered "Yes" were categorized as AmED consumers, while respondents who answered "No" were categorized as non-AmED consumers.
Statistical Analysis
Descriptive analyses were used to examine the distribution of general characteristics among study subjects. Frequencies and row percentages were calculated for each variable, and χ 2 tests were performed to identify correlations between variables. To compare the average values and standard deviations for negative alcohol-related consequences, ANOVA was performed. Multiple linear regression analysis was performed to identify the association between AmED consumption experience and number of negative alcohol-related consequences while controlling for the following factors: alcohol consumption frequency, number of drinks per drinking session, year level, major, grade point average (GPA), spending allowance, smoking status, stress level, depressive thoughts, suicidal thoughts, suicidal attempt, underage drinking experience, and number of clubs/organizations. Also, an examination of alcohol consumption frequency and number of drinks per drinking session according to the number of negative alcohol-related consequences stratified by AmED use was conducted for our subgroup analyses while controlling for the same factors.
All analyses were stratified by sex so that men and women were analyzed separately. The calculated p-values in this study were considered significant if lower than 0.05. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA). Table 1 presents the general characteristics of study participants. Of our study population, 22% of alcohol-consuming men and 13.4% of alcohol-consuming women reported AmED consumption in the past 12 months. The mean number of negative alcohol-related consequences experienced by AmED users was 3.111 (SD: 1.560) for men and 2.678 (SD: 1.619) for women. The mean number of consequences experienced by non-AmED users was 2.421 (SD: 1.511) for men and 2.581 (SD: 1.611) for women. Table 2 shows the association between AmED consumption and negative alcohol-related consequences after controlling for all covariates. Compared to non-AmED users, who were the reference group, AmED users experienced a greater number of negative alcohol-related consequences (men β: 0.804, p ≤ 0.0001; women β: 0.522, p ≤ 0.0001). Compared to individuals who consume alcohol less than once a month, individuals consuming alcohol in greater amounts, e.g., more than four times per week, experienced greater numbers of alcohol-related consequences (men β: 1.694, p ≤ 0.0001; women β: 1.560, p ≤ 0.0001). Compared to individuals who consume one to two drinks per drinking session, individuals consuming greater amounts of alcohol per drinking session, e.g., more than 10 drinks per drinking session, experienced greater numbers of alcohol-related consequences (men β: 1426, p ≤ 0.0001; women β: 1.533, p ≤ 0.0001). Table 3 presents the results of the subgroup analysis examining the combined effects of drinking frequency/intake and AmED use on the number of alcohol-related consequences experienced for men and women. Compared to non-AmED users, who were the reference group, for men, individuals consuming alcohol less than once a month (β: 0.716, p = 0.000), once a month (β: 1.155, p ≤ 0.0001), two to four times per month (β: 0.806, p ≤ 0.0001), or two to three times per week (β: 0.606, p = 0.003) experienced greater numbers of alcohol-related consequences when they were users of AmED. Men who consumed alcohol once a month had the highest coefficient beta difference to non-users (β: 1.155, p ≤ 0.0001). Consuming alcohol more than four times per week was not associated with negative alcohol-related consequences, according to AmED consumption. Relative to non-AmED users, regarding the number of drinks per drinking session, individuals consuming three to four drinks per drinking session (β: 1.012, p ≤ 0.0001), five to six drinks per drinking session (β: 0.868, p ≤ 0.0001), seven to nine drinks per drinking session (β: 0.517, p = 0.009), or more than 10 drinks per drinking session (β: 0.777, p ≤ 0.0001) on average experienced a greater number of alcohol-related consequences when users of AmED. Consuming one to two drinks per drinking session was not associated with negative alcohol-related consequences, according to AmED consumption. Consuming three to four drinks per drinking session resulted in the greatest coefficient beta difference to non-users (β: 1.155, p ≤ 0.0001).
Results
For women, relative to non-AmED users, individuals consuming alcohol less than once a month (β: 1.019, p ≤ 0.0001), two to four times per month (β: 0.508, p = 0.003), or two to three times per week (β: 0.540 p = 0.038) experienced greater numbers of alcohol-related consequences when users of AmED. Consuming alcohol once a month or more than four times per week was not associated with negative alcohol-related consequences, according to AmED consumption. Women who consumed alcohol less than once a month had the highest coefficient beta difference to non-users (β: 1.019, p ≤ 0.0001).
Relative to non-AmED users, regarding the number of drinks per drinking session, individuals consuming one to two drinks per drinking session (β: 0.776, p = 0.000), three to four drinks per drinking session (β: 0.993, p ≤ 0.0001), five to six drinks per drinking session (β: 0.589, p = 0.014), or seven to nine drinks per drinking session (β: 0.715, p = 0.009) on average experienced a greater number of alcohol-related consequences when users of AmED. Consuming more than 10 drinks per drinking session was not associated with negative alcohol-related consequences, according to AmED consumption. Consuming three to four drinks per drinking session resulted in the greatest coefficient beta difference to non-users (β: 0.993, p ≤ 0.0001).
Finally, regarding the type of consequence experienced, Figure 1 shows results of the logistic regression analysis examining the association between AmED use and type of negative alcohol-related consequence. It conveys that for men, AmED use is associated with increased odds of all twelve consequences: have a hangover Finally, regarding the type of consequence experienced, Figure 1 shows results of the logistic regression analysis examining the association between AmED use and type of negative alcoholrelated consequence. It conveys that for men, AmED use is associated with increased odds of all twelve consequences: have a hangover For women, AmED use was associated with increased odds of a fewer number of consequences: have a hangover (OR: 1.78, 95% CI: 1.34-2.36), miss a class (OR: 1.82, 95% CI: 1.37-2.41), argue with friends (OR: 1.95, 95% CI: 1.11-3.41), get hurt or injured (OR: 1.94, 95% CI: 1.21-3.12), be sexually assaulted (OR: 8.10, 95% CI: 2.40-27.33), or get into trouble with campus or local police (OR: 2.84, 95% CI: 1.48-5.45). However, AmED consumption was not associated with the following consequences: do something you regret, forget where you were or what you did, get behind in school work, engage in unplanned sexual activity, damage property, require medical treatment.
Discussion
The present study sought to investigate the association between alcohol mixed with energy drinks and negative alcohol-related consequences among college students. AmED consumption was found to increase the average number of negative alcohol-related consequences experienced by both men and women. Such results were in alignment with the existing body of literature that has found increased odds of negative alcohol-related consequences for AmED consumers relative to non-consumers [6, 9, 11, 15] .
For men, AmED consumption was associated with increased odds of the following alcohol-related consequences: have a hangover, do something you regret, miss a class, forget where you were or what you did, get behind in school work, argue with friends, engage in unplanned sexual activity, get hurt or injured, damage property, be sexually assaulted, or get into trouble with campus or local police. As for women, AmED was associated with increased odds of a fewer number of consequences, as follows: have a hangover, miss a class, argue with friends, get hurt or injured, be sexually assaulted, and get in trouble with campus or local police.
Such results were both consistent and inconsistent with previous studies. Studies have had mixed results regarding sex-specific consequences, especially when it comes to sexual activity. Some researchers state that AmED consumption is associated with sexual victimization for men, but not women [18] , while other studies have found that AmED consumption increases odds of casual sex [19] , being taken advantage of sexually [20] , and overall risky sexual behavior, e.g., sex without protection [21] for both sexes.
Previous studies have also noted increased risk of medical treatment requirement among AmED users, especially high-sensation seeking males who score highly on the Brief Sensation-Seeking Scale (BSSS) (α = 0.81) [22] . This was somewhat consistent with the findings of our study, which found increased odds of medical treatment among males but not among females. Also, both male and female AmED consumers were at increased likelihood of being cautioned, restrained, charged, and/or fined by the police compared to non-consumers in both previous studies and our investigation [23] .
Regarding drinking frequency and amount, there has been debate about the combined effects of AmED consumption and drinking amount on the risky behaviors of consumers. In our investigation, AmED users experienced the greatest number of alcohol-related consequences when alcohol consumption frequency was low (less than once a month/once a month) and the number of drinks per drinking session were moderate (three to four drinks per drinking session). This was an interesting finding, as while many studies have found that high-risk drinking results in more alcohol-related consequences than low-risk or moderate-risk drinking [4, 9] , few studies have found that low-risk or moderate-risk drinking causes more risky behavior among AmED consumers.
While there are many plausible explanations for this phenomenon, one explanation is that moderate amounts of AmED consumption can cause drinkers to believe that they are less impaired, resulting in greater risk-taking and negative alcohol-related consequences. Howland and colleagues state that social drinkers who believe caffeine will counteract impairment from alcohol actually show greater impairment [24] . However, this is not true; in a randomized clinical trial, Ligouri and Robinson found that individuals who consumed a capsule containing 200 or 400 mg of caffeine followed by alcohol (0.6 g/kg ethanol) claimed to feel "alert", but showed no improvements in choice reaction time or body sway compared to non-AmED consumers [25] . Thus, AmED consumers who drink in low or moderate amounts may incorrectly perceive that they are capable of certain risk-taking behaviors, which results in more consequences than non-AmED consumers.
Another viable explanation is that AmED users who consume alcohol in low or moderate amounts may more often be in social settings when they drink than high-risk drinkers, where individuals are prone to participating in risky behaviors with others. For example, in a mathematical design of college students' drinking environments and drinking amount, Mubayi and colleagues found that light and moderate drinkers are more likely to drink at social (off-campus parties, bars, etc.) than non-social settings (outdoors, residence halls, etc.), whereas heavy drinkers enjoy drinking at both social and non-social settings [26] . It is plausible that individuals who consume alcohol less than once a month or once a month do so at parties or social environments, while individuals who drink greater amounts of alcohol do so at both social and non-social settings. Energy drink industries traditionally sponsor fraternities by supplying them with products in exchange for endorsement, and students who consume AmED always mainly report social motives such as "it was being served at a party," or "it was the only mixer available" as their reason for consuming AmED [5] . Therefore, low or moderately drinking students may be more likely than high-risk drinkers to be in an environment where they are consuming AmED and at greater risk of partaking in risky behaviors with friends or social acquaintances in proportion to high-risk drinkers. Thus, because of these factors, it is possible that the difference between AmED users and non-users is less for those who drink more often or more per occasion.
The present results of our study should be interpreted in light of a few limitations. An important limitation of our investigation is that there were no questions on frequency of AmED consumption or amount/type of AmED consumed per drinking session in our survey instrument. AmED consumption was only measured through experience in the last 12 months, which resulted in the grouping of all students with AmED consumption, regardless of frequency or amount, together. Future studies should control for these variables so that heterogeneity is accounted for.
Also, our study is cross-sectional in design; thus, caution should be exercised in interpreting causality between AmED consumption and alcohol use. Furthermore, although AmED consumption is trending in South Korea, the overall rate of college students who reported consuming AmED were relatively lower in our study population than the statistics reported in Western populations. Different cultural and social motives should be taken into consideration when interpreting this phenomenon. Likewise, all reports of negative alcohol-related consequences experienced were self-reported. For some consequences, more reliable methods of evaluating experience may have existed, e.g., police reports for misdemeanors/attendance scores for missing class, etc., however, due to the design of our study, we were unable to measure these consequences with more reliable measures. Furthermore, various biases may have emerged from our sampling and surveying methods. A small number of Christian colleges that were originally in our sample declined our request for participation because of their principles regarding abstaining from drinking and thus had to be replaced with non-Christian colleges. Because of the face-to-face method that we employed for accuracy of obtaining responses to complicated or personal questions, there may have been response biases related to social desirability. The majority of questions in our survey instrument required students to think about their drinking behaviors in the last 12 months or so, which likely resulted in recall bias. Finally, although we included numerous lifestyle covariates as potential confounders, the limited nature and number of questions in our instrument made it difficult in other confounding variables related to health, socio-demographics, gene-environment, and lifestyle to be measured and controlled, e.g., we were unable to control for drug use because it was not part of our questionnaire.
Despite these limitations, our study also has several strengths. Few studies have examined AmED consumption and its effects among a nationally representative sample of college students in South Korea or taken an epidemiological approach to see the combined effects of AmED consumption and drinking behavior on negative alcohol-related consequences according to sex. Furthermore, our results show that AmED use may have clinical utility as a screening tool for detecting risky alcohol-related behaviors that harm college students and their respective communities.
For policy-makers, such findings suggest that strategic measures are necessary to reduce AmED accessibility. Patrick and colleagues suggest regulations with bars and/or licensed establishments in the vicinity of colleges that limit AmED sales per person and/or sales of drinks combining caffeine and alcohol [12] . General campus alcohol policies that forbid the consumption of AmED on campus and educate students about the hazardous effects of co-ingesting alcohol and caffeine may also be effective [27] . Finally, improved labeling regarding the caffeine content of beverages and the harms of co-ingestion with alcohol are recommended for all over-the-counter energy drinks to reduce AmED consumption not only among college students but also among adolescents and the general population [28] .
Conclusions
Our study has found that both male and female college students who consume AmED experience a greater number of negative alcohol-related consequences than those who do not. Rather than high-risk drinkers, moderate drinkers who consume alcohol infrequently and/or in low amounts may experience more consequences when consumers of AmED. More research is required to understand why low-risk or moderate-risk drinkers experience more negative alcohol-related consequences when AmED users than high-risk drinkers. Researchers, educators, and policy-makers are encouraged to further investigate and target such students when creating campus alcohol initiatives and education programs to alleviate these problems. 
